Eye absent (Eya) is a protein which has been structurally conserved from hydrozoans to 22 humans which has two functions: it is both a transcription cofactor and a protein 23 tyrosine phosphatase. Eya was first described in the fly Drosophila melanogaster for its 24 role in eye development, and the same functions were also later reported in less derived 25 insects. Studies on the involvement of Eya in insect oogenesis are limited to D. 26 melanogaster, which has meroistic ovaries. In this fly, Eya plays a fundamental role in 27 the first stages of ovarian development because Eya mutations abolish gonad formation. 28 In this present work we studied the function of Eya in the panoistic ovary of the 29 cockroach Blattella germanica. We demonstrated that Eya is essential for correct ovary 30 development also in this ovary type. In B. germanica ovaries, Eya affects both somatic 31 and germinal cells in the germarium and the vitellarium, acting differently in different 32 ovarian regions. Development of the basal ovarian follicles is arrested BgEya-depleted 33 females, while in the germaria, BgEya helps to the maintain the correct number of 34 somatic and germinal stem cells by regulating the expression of ecdysteroidogenic 35 genes in the ovary.
Introduction

Results
; its expression is remarkably variable in the ovaries of last instar nymphs, 182 but peaks just after they moult into adults. BgEya expression in the ovary then begins to 183 decline and bottoms out when choriogenesis starts. This expression pattern suggests that 184 BgEya plays important functions in the early steps of oogenesis. To examine this 185 possibility we started by using RNAi to investigate the possible functions of BgEya in 186 this process. Newly emerged last instar nymph females, were treated with dsBgEya (n = 187 36) or dsMock (n = 40). All the treated nymphs correctly reached the adult stage and so 188 we inferred that this treatment did not affect moulting. However, all of the dsBgEya-189 treated adult females failed to oviposit (Table S2 ). Thus, we treated new batches of 0-190 day-old sixth instar nymphs with dsBgEya and transcript depletion was assessed in their 191 ovaries at different ages. The BgEya mRNA levels were lowest (74 % decrease; P(H1) 192 = 0.097), at the end of the nymphal stage (8-day-old sixth instar nymphs), but also 193 remained low in 3-day-old and 5-day-old adult dsBgEya-treated females (P(H1) = 0.031 194 and P(H1) = 0.0001, respectively, Figure 1B ).
Eya is involved in basal ovarian follicles growth and maturation.
197
The growth of the basal ovarian follicles in BgEya-depleted females was slowed, and 198 moreover, their general shape became spherical ( Figure 1C , D and E). Furthermore, 199 there were significantly fewer follicular cells in the basal ovarian follicles of depleted females compared to dsMock-treated females (Figure 2A ), because fewer 201 mitotic divisions had occurred in the follicular epithelia ( Figure 2B and C).
202
The nuclei size, cell shape, and distribution of these follicular cells within the epithelia 203 was also affected in BgEya-depleted females ( Figure 2D and F). Additionally, F-actins 204 appeared to be concentrated at the junctions between follicular cell membranes, which 205 could explain the variations we have observed in cell morphology ( Figure 2E and G). 
213
This occurs in a peculiar moment of the follicular epithelium development, when the 214 follicular cells contract to leave large intercellular spaces (a phenomenon called 215 patency, see Davey and Huebner, 1974) , thus allowing the vitellogenic proteins to reach 216 the oocyte membrane to be uptaken by the oocyte through a specific receptor. In 217 addition, in these 5-day-old adult BgEya-depleted females, only a few of the follicular 218 cells were binucleated, therefore indicating that they were unsynchronised ( Figure 3E , 219 E'). In addition, these cells showed a high variability in size and shape, but never 220 showed signs of patency ( Figure 3E '').
221
Furthermore, vitellogenin receptor (VgR) mRNA was upregulated in ovaries from already currently high in the ovaries of newly emerged last instar nymphs, although 226 they subsequently decreases to very low levels in adult females (Ciudad et al., 2006) .
227
The modification of basal ovarian follicle shape, together with the phenotypes observed 228 in follicular cells and the unexpected increase in VgR expression in 5-day-old adult 229 ovaries, indicates that although these ovarian follicles seemed ready to mature, they 230 would not have grown and appeared to starting along an apoptotic pathway. To test this 231 conjecture, we measured the expression of the effector Caspase-1 in ovaries from 232 BgEya-depleted females. In both, 6-day-old and 8-day-old sixth instar nymphs, the 233 levels of ovarian Caspase-1 mRNA were similar in dsMock-treated and BgEya-234 depleted females ( Figure S2 ). However, Caspase-1 expression significantly increased in their expression is higher in the former. The expression of BgShd correlated with the 287 hemolymph ecdysone/20E titre ( Figure S3 ) and so, given that Shade converts ecdysone 288 into 20E (the active form), these ovaries were at least capable of responding to 289 ecdysone.
290
Based on this, we also measured the expression of BgNvd, BgSpot and BgShd, in 291 ovaries from BgEya-depleted females ( Figure 5A ). While the expression of BgNvd did 292 not seem to be affected by BgEya depletion, BgSpot and BgShd expression levels were 293 higher in 8-day-old BgEya-depleted sixth instar nymphs, and significantly increased in 294 5-day-old adult females ( Figure 5A ).
295
These results suggest that BgEya represses ecdysone biosynthesis in ovaries, thus 296 affecting the differentiation of stem cells in the germaria. suggesting that some ovarian follicles enter in cell death.
304
Moreover, the effect of 20E on ovarian follicle differentiation was not instar specific.
305
The newly emerged adult females treated with 20E also produced more differentiated 306 ovarian follicles 5 days after treatment than their age-matched controls (p< 0.002; 307 Figure 5B ). Expression of BgEya in the ovaries of these 8-day-old 20E-treated last 308 instar nymphs was not affected by treatment with ecdysone ( Figure 5C ) and the 309 expression of ecdysteroidogenic genes did not significantly changes after 20E treatment. 
Discussion
312
In hemimetabolan species, the primary function of eya was originally described by its 
